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Figure 1. Estimates of maximal Lyapunov exponents for 
105 data sets of respiratory-induced tumor motion. 
Figure 2. An example of TVSAR model-based 
prediction on irregular breathing pattern. 
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Figure 3. A schematic diagram of prediction by using 
the proposed adaptive time-varying seasonal 
autoregressive (adaptive TVSAR) model. 
Figure 4. An example of the proposed adaptive TVSAR 
model-based prediction on irregular breathing pattern. 
3.4715 3.4716 3.4717 3.4718 3.4719 3.472
x 104
-4
-2
0
2
4
6
8
Time (s)
Tu
m
o
r 
po
sit
io
n
 (m
m
)
 
 
Actual
Proposed
3.4715 3.4716 3.4717 3.4718 3.4719 3.472
x 104
-4
-2
0
2
4
6
8
Time (s)
R
e
si
du
al
 
e
rr
o
r 
(m
m
)
 
 
Actual
Predicted
3.4715 3.4716 3.4717 3.4718 3.4719 3.472
x 104
-4
-2
0
2
4
6
8
Time (s)
Tu
m
o
r 
po
sit
io
n
 (m
m
)
 
 
Actual
SOA TVSAR
Current time
Prediction target, ? ? ?Past samples, ? ? ?
TVSAR prediction component
?? ? ? ? ?
Predicted residual ????? ? ????
Residual of TVSAR ???? ? ????
(a)
(b)
(c)
Proposed prediction
?? ? ? ? ? +????? ? ????
Actual motion ????
1.908 1.909 1.91 1.911 1.912 1.913 1.914 1.915
x 104
-10
-5
0
5
10
SI
 
(m
m)
Time (s)
Actual value
Predicted value
History of prediction error
? 306 ?
  
filter?wLMS ?????????????????? LMS ???????????EKF ? extended 
Kalman filter?SVR? support vector regression????Figure 6?????? TVSAR? Figure 5???
???? A??????????????????????????? TVSAR? 1 s??? RMSE?
0.74 mm?????????????? B???????????????????????????
????????????????????????????????? ????????????Figure 
7 ??????????????????? TVSAR ??????????????????????
?????????????????????????????? 77 ms ????????????
wLMS???????? 
???????????????????????????????? TVSAR?????????
??? ms ?????????????????????????????????????????
?? 
? 5? ?? 
?????????????????????????????????????????????
??????????? TVSAR???????????????????????????????
??????????????????????????????????????????????
?????????????????????????????????????? 350 ms ????
??????????????? 1 mm ???????????????????????????
TVSAR ??????????????????????????????????????????
????????????????????????????????????? 
  
Figure 5. Average of the RMSEs for 105 raw data sets 
as a function of prediction horizon. 
Figure 6. Average of the RMSEs for 304 processed data 
sets as a function of prediction horizon. 
 
Figure 7. Average of the RMSEs for 304 processed data sets at some selected horizons. 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10
1
2
3
4
5
Prediction horizon (s)
R
M
SE
 (m
m
)
 
 
ZOH ALAR KDE TVSAR Adaptive TVSAR
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10
0.5
1
1.5
2
2.5
3
3.5
Prediction horizon (s)
R
M
SE
 (m
m
)
 
 
No prediction
nLMS
RLS
wLMS
EKF
SVR
ZOH
Adaptive TVSAR
0.077 s (2 samples) 0.15 s (4 samples) 0.31 s (8 samples)0
0.5
1
1.5
Prediction horizon
R
M
SE
 (m
m
)
 
 
No prediction
nLMS
RLS
wLMS
EKF
SVR
ZOH
Adaptive TVSAR
? 307 ?
? 308 ?
